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Introduction 
Probiotics are defined as live microorganisms that, 
when administered in adequate amounts, could 
confer a health beneﬁt on the host.1 Prebiotics are 
as  non-digestible fiber compounds that induce the 
growth or activity of probiotics. They do it by 
modulating gut microbiota.1,2 Several reports 
indicated that their health promoting aspects like 
alleviation of infections, improvement of lactose 
intolerance, antimicrobial and antiviral activity, 
serum cholesterol and blood pressure reduction, 
antimutagenic and anticarcinogenic properties, 
better mineral absorption, antidiarrheal and 
anticonstipation characteristics, immune system 
modulation and improvement in inﬂammatory 
bowel disease could be obtained by addition of 
selected right strains of probiotics and prebiotic 
compounds to the food products.2-5 
Traditionally probiotics have been incorporated 
into fermented dairy products but consumers with 
lactose intolerance, milk allergy or high cholesterol 
levels and also vegetarians have limitation to 
consume these products.6 So, healthy fruit juices 
could be a suitable alternative.7  
Factors like acidity content, fermentation medium 
and optimum temperature are critical in lactobacilli 
activities.8 The genus Lactobacillus can survive in 
the wide range of pH and temperature.9 As, almost 
fruit juice drinks have a pH value of below 5, 
addition of these products by resistant probiotic 
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Background: Probiotics are live microorganisms bringing useful effects to the 
host through balancing intestine microbiota. This research was undertaken to 
determine the suitability of fig juice as raw material for production of 
probiotic juice by three species of lactic acid bacteria (Lactobacillus casei, 
Lactobacillus plantarum and Lactobacillus delbrueckii). 
Methods: Heat treated fig juices were inoculated (6 log CFU/ml) by three 
species inocula separately and incubated at 30 °C for 72 h. Changes in the pH, 
acidity, reducing sugar content and viable cell counts during the fermentation 
were monitored. Sensory characteristics of probiotic fig juice were also 
evaluated.  
Results: L. delbrueckii grew well on fig juice; reached nearly 9 log CFU/ml 
after 48 h of fermentation at 30 °C. After 4 weeks of cold storage at 4 °C, the 
viable cell counts of L. delbrueckii and L. plantarum were still 6 and 5 log 
CFU/ml, respectively, in fermented fig juice; but L. casei was just survived 
until 2th week of cold storage time, reduced from 9 to 3 log CFU/ml. The 
results of the sensory evaluation showed that fermented fig juice samples were 
significantly different (P<0.05) from the control sample in taste, odor, 
consistency and overall acceptability. L. casei was more acceptable comparing 
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lactobacilli is possible. 
Fig (Ficus carica) is a kind of deciduous plant 
which belongs to the Moraceae family. Its fruit is 
generally referred as figs which have been used as 
food and medicine for several centuries.10 Figs are 
a great source of calcium, potassium, vitamin A, 
ascorbic acid, dietary fiber, some fatty acids and 
many phenolic compounds.11 Moreover, they 
contain cholesterol-lowering phytosterols like 
stigmasterol.12 The main polyphenolic constituents 
in figs are flavones (apigenin, campherol, 
astragaline and rutin), catechins (epicatechin), 
flavonones, anthocyanins, gallic acid, chlorogenic 
acid and syringic acid.13 It has been proved that 
these compounds can protect plasma lipoproteins 
from oxidation and significantly elevate plasma 
antioxidant capacity.14 Nowadays nutraceuticals, 
compounds in foods that are not nutrients but have 
beneficial effects, are so favored in 
supplementation of fermented products.15 Due to 
their biological characteristics, polyphenols and 
prebiotics may be appropriate nutraceuticals or as 
supplementary treatments for different disease like 
diabetes mellitus.16,17 Polyphenols are phenolic 
acids, flavonoids, stilbenes, lignans and polymeric 
lignans which are secondary metabolites of the 
plants that play an important role as a defense 
against ultraviolet radiation, oxidants and 
pathogens.17 Bioavailability of these functional 
molecules are dependent on food preparation 
processes, gastrointestinal digestion, absorption 
and fermentation.18 So, probiotic fig juice which is 
plentiful in bioactive compounds could be 
considered as a noteworthy nutraceutical product. 
The objective of this study was to monitor survival 
of L. plantarum, L. casei and L. delbrueckii in 
fermented fig juice during cold storage time and to 
evaluate its physic-chemical and sensory 
properties. 
 
Materials and Methods 
Strains and cultures  
Used strains (L. plantarum DSMZ 20179, L. 
delbrueckii DSMZ 15996, L. casei DSMZ 20011) 
were obtained from the Deutsche Sammlung von 
Microorganismen und Zellkulturen GmbH, 
Germany. All bacterial cultures were kept at -20 °C 
in MRS medium (Merck, Germany) containing 
20% glycerol. The inoculum was prepared by 
activation of pre-culture in MRS broth at 30˚C for 
24 h.19 
 
Preparation of probiotic fig juice  
Commercial concentrated fig was supplied from 
Tin Tin Co. (Shiraz, Iran) and stored at 4˚C prior to 
use. Firstly, the fig juice concentrate with 70° Brix 
was diluted to 13° Brix by deionized water and 
then was carefully heat treated at 80 °C for 5 
minutes. Fermentation experiments were done in 
test tubes (25 × 200 mm), each containing 40 mL 
of prepared fig juice. Consequently samples were 
inoculated with three species of probiotics (6 log 
CFU/ml) separately and incubated aerobically at 30 
°C for 72 hours. Finally, samples were taken at 24 
h intervals and all experiments were done at 0, 24, 
48, and 72 hours.20 
 
Effect of cold storage on cell viability 
After 72 hours of incubation at 30 °C, the 
fermented samples were stored at 4 °C for 4 weeks. 
Samples were taken at weekly intervals, and then 
viability of probiotic cultures in probiotic fig juice 
was determined and reported as colony forming 
units (log CFU/ml). Viable cell counts were 
enumerated by the standard plate method with 
Lactobacilli MRS-Agar medium after 48 h of 
incubation at 30 °C.19 
 
Chemical analysis  
The pH value of prepared probiotic juice was 
evaluated by a digital pH meter (Metrohm 744, 
Netherland). Total acidity, expressed as percent 
lactic acid, was conducted by titrating with 0.02 N 
NaOH to pH 8.2. Reducing sugar content was 
measured as glucose equivalents by the DNS 
method using a UV–visible spectrophotometer.21 
 
Sensory evaluation 
The sensory characteristics were evaluated by a 
panel of ten judges consisting of the quality control 
students whom were informed of fermented 
beverage characteristics and different quality 
expectations. Each panelist evaluated the samples 
by rating them using a 9-point scale, where 9=like 
extremely and 1=dislike extremely, for various 
criteria such as taste, odor, consistency and overall 
acceptability.22 Mean scores for each attribute were 
calculated for comparison of the samples.    
 
Statistical analysis 
The statistical analysis was conducted with SPSS 
18.0 software (Chicago, IL, USA). All experiments 
were carried out in triplicate. Data analysis was 
done by ANOVA followed by Duncan's post hoc 
test, when a homogenous variance was observed, 
according to the Levene test. Non-homogenous 
data were analyzed using non-parametric analysis 
of variance, multiple comparisons based on 
Kruskal–Wallis test. p<0.05 was considered as 
statistically significant. 
 
Results 
Growth kinetics of probiotics  
Investigated species including L. casei, L. 
delbrueckii, and L. plantarum, were found capable 
of growing well on fig juice without any specific 
nutrient supplementation.  
The kinetics of lactic acid fermentation of fig juice 
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 with L. casei, L. plantarum, and L. delbrueckii 
were depicted in Figure 1. All species grew rapidly 
in fig juice and reached 8 log CFU/ml after 48 h of 
fermentation at 30 °C. Extended fermentation time 
over 48 hours did not lead to an increment in 
proliferation of lactic acid bacteria. 
The changes in pH value and titrable acidity of fig 
juice have been shown in Figure 2 and Figure 3, 
respectively, during fermentation with lactic acid 
bacteria. The initial value of pH in fig juice was 
4.52 and titrable acidity was 0.25% as natural 
acidity. Citric acid as dominant organic acid in 
fruits and initial acidity, expressed as the natural 
acidity of fruit juices, but developed acidity were 
expressed by lactic acid.23 Among all the strains, L. 
delbrueckii produced more lactic acid than other 
strains in samples. It could be observed that L. 
delbrueckii had fast growth rate than other strains 
and caused an enhancement in titrable acidity in fig 
juice to increase from initial content of 0.25% as 
natural acidity to after fermentation content of 
0.61%. Accordingly, lowest pH value of L. 
delbrueckii was because of producing more lactic 
acid and enhanced proliferation among other 
strains during the fermentation of fruit juice and it 
was decreased in fig juice from initial pH value of 
4.52 to final pH of 3.92. As it has been shown in 
Figure 4, sugar was converted by lactic acid 
bacteria in fig juice during probiotic fermentation. 
L. delbrueckii converted more sugar content of fig 
juice during fermentation among other strains 
which decreased it from initial content of 32.1 
mg/ml to 18.2 mg/ml.  
 
 
Figure 1. Growth kinetic of L. plantarum, L. delbrueckii and L. casei during fermentation of fig juice at 30 °C with 
initial pH = 4.52, Error bars represent the standard deviation. 
 
 
 
Figure 2. Changes in pH during fermentation by L. plantarum, L. delbrueckii and L. casei in fig juice (Initial pH = 4.52), 
Error bars represent the standard deviation. 
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Figure 3. Changes in titrable acidity during fermentation by L. plantarum, L. delbrueckii and L. casei in fig 
juice (Initial acidity = 0.25%), Error bars represent the standard deviation. 
 
 
Figure 4. Changes in reducing sugar contents during fermentation by L. plantarum, L. delbrueckii and L. casei in fig juice 
(Initial concentration of reducing sugar content in the medium = 32.1), Error bars represent the standard deviation.  
 
Table 1. Eﬀect of cold storage (4°C) during 4 weeks on 
the viability of L. plantarum, L. delbrueckii and L. casei in 
fermented fig juice. 
Time 
(Weeks) 
Log CFU/mL 
Lactobacillus 
plantarum 
Lactobacillus 
casei 
Lactobacillus 
delbrueckii 
day1 8.77±0.1a 9.14±0.1a 8.83±0.2a 
1 8.23±0.1b 5.53±0.2b 8.14±0.3b 
2 7.11±0.8c 3.32±0.2b 7.50±0.2c 
3 5.76±0.4c ND 6.91±0.6c 
4 5.34±0.9c ND 6.27±0.1c 
ND: not detected. 
Means and standard deviations for n = 3. The 
experimental values within rows that have no common 
superscript are signiﬁcantly diﬀerent (p < 0.05) according 
to Duncan`s multiple test range. 
 
Effect of cold storage on survival of probiotics 
The represented data in Table 1 have been 
illustrated the effect of cold storage on the viability 
of three species of lactic acid bacteria in fermented 
fig juice. The viable counts of L. plantarum and L. 
delbrueckii after 4 weeks of storage at 4 °C were 
still 5 and 6 log CFU/ml, respectively. However, L. 
casei was just survived until 2th week of cold 
storage time.  
 
Organoleptic properties 
The mean acceptability scores of the samples were 
shown in Figure 5. Fermented fig juice samples 
were significantly different (P<0.05) from the 
control in taste, odor, consistency and overall 
acceptance. Significant difference was observed for 
L. plantarum and L. delbrueckii compared to L. 
casei (p˂0.05). Mean scores for L. casei was the 
highest for taste (6.5), consistency (7.2) and overall 
acceptability (7). There was no significant 
difference observed between L. plantarum and L. 
delbrueckii. No significant difference was found 
for odor among the fermented juice samples. 
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Figure 5. Sensory properties of fig juice samples fermented by L. plantarum, L. delbrueckii, L. casei and control. Error 
bars represent the standard deviation. 
 
Discussion 
As fig juice is a potent source of minerals, healthy 
fibers and antioxidants but it must be kept in mind 
that intrinsic factors like pH, titrable acidity, 
molecular oxygen and water activity could restrict 
probiotic viability.24 Also low pH condition in fruit 
juices lead to undissocaited forms of organic acids 
and retards probiotic proliferation.25 Ranadheera et 
al26 predicted that the incorporation of lactic acid 
bacteria into low pH fruit juices may cause the 
resistance of bacteria to subsequent stressful acidic 
conditions, like gastrointestinal tract. So, it can be 
concluded that growth rate differences between 
pre-culture and fermentation medium could be 
related to stress mechanism. MRS broth, as the pre-
culture, has a pH of about 5.6 but the initial pH of 
the fig juice was lower (about 4.52). It is 
noteworthy that acid tolerance is critical feature in 
the survival of probiotics in fermentation 
mediums.20 Growth of probiotic bacteria in a 
suitable medium lead to acid production (usually 
lactic acid) and consequently reduction in the pH 
value of medium. Natural acidic conditions in fruit 
juice media limited the growth rate of probiotic 
bacteria.27 Ding & Shah28 have shown that 
microencapsulation process protect probiotics 
against acidic conditions of fruit juice media during 
the fermentation, so in this case, growth rate of 
probiotic bacteria was improved in comparison 
with free cells. Yoon et al in years 2004 and 2006 
found that L. delbrueckii has the growth rate, acid 
production and sugar fermentation better than other 
strains used in probiotic tomato and cabbage juices, 
respectively29,19 which are in agreement with our 
results. Mousavi et al20 also showed that L. 
delbrueckii and L. plantarum were appropriate 
strains for fermentation of pomegranate juice. 
According to the Figure 1 initial microbial 
population of each micro-organism before storage 
at 4°C could affect the final surviving of bacteria. 
L. casei with less population in fermented fig juice 
after 72 hours fermentation was not capable to 
survive (according to Shah,30 cell count of probiotic 
bacteria should be 6 log CFU/ml in probiotic 
definition) after 4 weeks at 4°C but L. delbrueckii 
was capable to survive 6 log CFU/ml after 4 weeks 
of cold storage. Surviving of lactic acid bacteria is 
a substantial factor to choose a proper micro-
organism to produce probiotic fruit juices that can 
resist to the cold storage condition after the 
production.  
As mentioned above, we found that L. delbrueckii 
and L. plantarum could survive in high acidity and 
low pH in the fermented fig juice. Costa et al31 
reported that fruit and vegetable juices were not 
suitable media for L. casei to grow in and produce 
probiotic beverage.  
According to Figure 5, fermented fig juice samples 
were significantly different (P<0.05) from the 
control in taste, odor, consistency and overall 
acceptability. The highest acceptance was obtained 
by L. casei and the lowest was achieved by L. 
plantarum among the fermented fig juice samples. 
According to Cruz et al,32 the aroma and taste of 
the product may be affected negatively by 
components produced by metabolism of the 
probiotic culture (probiotic off-flavor). But health 
information and flavor-masking techniques can 
have a positive effect on the hedonic qualities of 
probiotic juices. 
 
Conclusion 
From the results of this research, it can be 
concluded that L. delbrueckii which had the highest 
viability would be used as suitable cultures for 
production of probiotic fig juice for vegetarians or 
consumers who are allergic to lactose present in 
probiotic dairy products. 
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